Background: Hypertension affects about 80% of people older than 80 years; however, diagnosis and treatment are difficult because about 55% of them do not adhere to treatment recommendations due to low socioeconomic status, comorbidities, age, physical limitations, and frailty syndrome. Aims: The purposes of this study were to evaluate the influence of frailty on medication adherence among elderly hypertensive patients and to assess whether other factors influence adherence in this group of patients.
Introduction
In the coming decades, the percentage of elderly people will rapidly increase, while the percentage of population of working age will decrease. Although prolongation of life is a positive effect, the aging population is a challenge for health care systems. Due to aging, the importance of cardiovascular disease (CVD) as the leading cause of death in adults becomes very important. According to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure, hypertension occurs in more than two-thirds of individuals older than 50 years. 1 POLSENIOR study 2 reveals that in population older than 80 years, hypertension affects about a million people. If the observed increase continues, the FS has been implicated as a causative and prognostic factor in patients with CVD. The American Heart Association and the Society of Geriatric Cardiology have called for a better understanding of frailty as it pertains to cardiac care in the elderly. Patients diagnosed with FS are at a higher risk of falling, decreased mobility, decreased ability to perform the basic activities of daily living, frequent hospitalizations, and death. 10 In all, 25%-50% of cardiac patients suffer from FS. 9 Some studies have also shown that the assessment of frailty can delay the development of disability and reduce the need for institutionalization and nursing care among elderly people living at home. 11, 12 Chao et al demonstrated that the absence of frailty/pre-frailty and presence of polypharmacy were significantly associated with poorer medication adherence. 13 Research studies available indicate that despite the availability of effective medical therapy, over half of all hypertensives do not take any treatment and more than half of those on treatment have blood pressures over the 140/90 mmHg threshold.
14 WHO describes poor adherence as the most important cause of uncontrolled blood pressure and estimates that 50%-70% of people do not take their antihypertensive medication as prescribed. 15 There is research available that emphasizes the negative influence of sociodemographic and clinical variables on adherence to treatment recommendations. Medication adherence rates have been shown to be related to age, sex, race, geographical region of residence, and illness perceptions. 16 The psychosocial factors that strongly correlate with nonadherence include depression, lack of social support, and low quality of life. 17 Only a few studies are available on the relation between the GS and medication adherence. They pertain to chronic diseases other than hypertension. 13, 18 There is a discussion in the research available on the relation between age and medication adherence. Some studies have shown that younger patients display higher adherence, 16, 19, 20 while others indicate that young age is a determinant of poor adherence to hypotensive medication. 21, 22 Several authors report higher adherence in elderly patients, 17, [23] [24] [25] which can be explained by the presence of comorbidities, making the patients perceive themselves as very ill and take the prescribed treatment seriously. 22 Considering the increasing age of patients with hypertension and contradictory study results regarding the effect of age on adherence, a special approach to their treatment is required with more attention paid to GS.
The purposes of this study were to evaluate the influence of frailty as a component of GS on medication adherence among elderly patients with hypertension and to assess whether other factors (especially polypharmacy as a 
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Frailty syndrome and medication adherence component of GS) influence adherence to treatment in this group of patients.
Methods
The study was performed in the outpatient clinic Kosmonautów in Wroclaw, Poland. Data were collected between January 2015 and November 2015. The study included consecutive 296 patients (131/45.3% men, 165/55.7% women) with a mean age of 68.8±8.0 years diagnosed with hypertension. Inclusion criteria were as follows: 1) clinically confirmed hypertension, 2) written informed consent, and 3) age $60 years. Exclusion criteria were as follows: 1) moderate to severe dementia (defined as Mini-Mental score #15), 26 2) previous stroke, and 3) lack of consent to participation in the study.
Patients were selected by a panel consisting of a physician and a nurse -specialist in the field of cardiac nursing. All patients received information about the purposes and nature of the study and provided written informed consent to participate in the study.
The sample group was homogeneous and suitable for statistical analysis.
Instruments
Sociodemographic data (age, sex, education, and marital status) and clinical data (hypertension level according to the European Society of Cardiology, comorbidities, duration of hypertension, blood pressure monitoring, number and methods of taking medications, and method of non-pharmacological treatment) were obtained from patients' records and during personal interviews performed by a nurse.
The spectrum of GS is expanding, and the definitions of each component are constantly evolving. In the present study, we included the following GS for analysis: frailty and polypharmacy, whose influence on the prognosis had already been documented. 13, 27 Frailty was measured using the Polish version of the Tilburg Frailty Indicator (TFI), which consists of two parts. 28 One addresses sociodemographic characteristics of a participant (sex, age, marital status, country of origin, educational level, and monthly income) and other potential determinants of frailty (lifestyle, multimorbidity, life events, and home living environment). The second part addresses components of frailty and comprises 15 self-reported questions, divided into three domains. The physical domain (0-8 points) consists of eight questions related to physical health, unexplained weight loss, difficulty in walking, balance, hearing problems, vision problems, strength in hands, and physical tiredness. The psychological domain (0-4 points) comprises four items related to cognition, depressive symptoms, anxiety, and coping. The social domain (0-3 points) comprises three questions related to living alone, social relations, and social support. Eleven items of part two of the TFI have two response categories (yes and no), while the remaining items have three (yes, no, and sometimes). "Yes" or "sometimes" responses are scored 1 point each, while "no" responses are scored 0. The instrument's total score may range from 0 to 15; the higher the score, the higher the patient's frailty. Frailty is diagnosed when the total TFI score is $5. Previous studies have suggested that the TFI is a valid and reliable instrument for measuring frailty. 28, 29 Adherence to treatment was assessed using the Polish version of 8-item Morisky Medication Adherence Scale (MMAS-8). The self-reported MMAS-8 tool is an 8-item tool, simple to administer, reliable, and economical for use in clinical practice. The MMAS-8 was designed to facilitate the identification of barriers and behaviors associated with adherence to chronic medication. The tool has been determined to be reliable and significantly associated with blood pressure control in individuals with hypertension, as well as with antihypertensive medication pharmacy fill rates. Scores on the MMAS-8 range from 0 to 8, with scores of less than 6 reflecting low adherence, 6 to ,8 reflecting medium, and 8 reflecting high adherence.
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Statistical analysis
For the quantitative variables, verification of empirical normality distribution was tested by Shapiro-Wilk test. Mean and standard deviations (SDs) were calculated. For comparisons of means between the two groups of patients, one-way analysis of variance was used. In case of rejection of the null hypothesis of no differences in the groups, post hoc test with the method of the least significant difference was used.
Qualitative and ordinal variables were grouped in crosstabulation table -the number of cases was summed for each category and the percentage was calculated. Independence of qualitative variables was verified by Pearson chi-square test. For evaluation of the strength and significance of associations, Spearman's rank correlation coefficient (rho) was used.
To test the influence of independent variables on the level of adherence, linear regression was used (general stepwise regression). Prior to regression analysis, assumption of applicability of least squares method was checked as well as outliers were detected. For predictor variables (frailty index and age), standardized coefficient β and regression coefficient b were calculated. Statistical significance of given variables in the model was tested by Student's t-test. The quality of proposed linear regression model was checked by standard error of estimate.
Statistical analysis was carried out with computer package Statistica software v.10 (StatSoft Inc., Tulsa, OK, USA).
The study was approved by the Bioethics Committee of Wroclaw Medical University (approval no KB 521/2014) and it conforms to the principles outlined in the Declaration of Helsinki.
Results
The analysis of FS with Tilburg questionnaire for the entire group of 296 patients showed that the mean level of physical domain score was 3.31 (SD =2.21), mean level of psychological domain was 1.79 (SD =1.07), and mean level of social domain was 1.02 (SD =0.83). The mean total TFI score was 6.11 (SD =3.12) with the range from 0 to 14 scores. On this basis, patients were classified into the following two groups: 1) frail (TFI $5), n=198 and 2) non-frail (TFI ,5), n=98. Tilburg questionnaire domain scores for patients from the frail group were statistically significantly higher compared to those from the non-frail group. This indicates that in these patients FS was more intense. The results are presented in Table 1 .
Sociodemographic characteristics of patients with hypertension with respect to FS
Patients from the frail group were older (70.0±8.2 vs 66.3±7.1 years; P,0.001) and more often professionally inactive (retired: 58.1% vs 48%; disabled 17.7% vs 12.2%; P=0.025). Majority of them were single/divorced/alone (43.9% vs 32.7%; P=0.122); they were more often living alone (26.3% vs 9.2%; P=0.004). Frail patients had lower household income per capita and almost 60% of them received less than 1,500 PLN, while similar group of non-frail subjects (66%) received more than 1,500 PLN. Frail patients are considerably more likely to experience a traumatic or stressful event such as serious illness (40.9%), and partner's severe disease (32.8%) or partner's death (25.3%) than nonfrail subjects. (Table 2 ). Frail patients more often took beta-blockers than non-frail ones (30.8% vs 21.4%). In terms of other variables, no statistically significant differences were found between frail and non-frail patients. Data are shown in Table 1 .
Analysis of the level of adherence in relation to FS
The analysis of the level of adherence with MMAS-8 questionnaire showed that frail subjects received lower score of adherence in comparison to non-frail subjects (6.60±1.89 vs 7.11±1.42; P=0.028). In the frail group, 21% of patients had low level of adherence, while in the nonfrail group, only 12.3% of studied subjects had low level of adherence (Table 3 ).
Univariate analysis -the impact of the studied factors on the level of adherence (MMAS-8 score)
Next, Spearman's rank correlation coefficient was calculated in order to assess the influence of selected variables on the level of adherence (MMAS-8); the results are presented in Table 4 . and traffic accident (rho =-0.120) had negative association with adherence (Table 5 ).
Spearman's rank correlation coefficients of analyzed component of Tilburg questionnaire with the level of adherence
Spearman's rank correlation coefficients calculated for components of Tilburg questionnaire showed that significant determinants with negative influence on the level of adherence (MMAS-8) were physical (rho =-0.117), psychological (rho =-0.183), and social domain (rho =-0.163) of Tilburg questionnaire as well as the total score of the questionnaire (rho =-0.183) ( Table 4) . As a result of the analysis of multiple regression, independent stimulants to the level of adherence such as knowledge about complications (β=0.395) and satisfaction with the home environment (β=0.897) were found, while it is surprising that none of the components of Tilburg questionnaire was a statistically significant independent determinant lowering the level of adherence. The model appeared to be significant: F(4; 291) =8. the home environment. The model predicts 10.1% of variability of adherence (R 2 =0.101). The standard error of estimation was 1.68 (Table 4) .
Discussion
Poor adherence to prescribed medications reduces treatment benefits and can lower the clinician's assessment of therapeutic effectiveness. Non-adherence is thought to account for 30%-50% of treatment failures. 33 Non-adherence leads to worse medical treatment outcomes such as higher hospitalization rates, institutionalization for the frail elderly patients, and increased health care costs. [33] [34] [35] [36] An improved understanding of the determinants associated with medication adherence and health behaviors has become an important outcome in management strategies for hypertension patients. Effective identification of patients at risk of pharmacological non-adherence might be particularly helpful in planning interventions to enhance illness control, prevent complications, improve long-term treatment outcomes, and limit adverse outcomes in these patients. 13, 16, 20 Attention to adherence is especially important in frail elderly patients. There is an ongoing discussion in the literature on the influence of GS and/or its components on the level of adherence. In the present study, FS coexisted with hypertension in 63.9% of patients.
Koizumi et al evaluated the association between hypertension and prevalence of FS and confirmed that impaired mobility (inability to walk for more than 15 min without rest), weight loss of more than 2-3 kg in the past 6 months, difficulty in eating solid food, and limitations in performing complex activities of daily living were correlated with prevalence, treatment, and control of hypertension. 37 In other studies on frailty, women were more frequently affected than man and age was found as determinant of frailty. 38, 39 This has not been confirmed in our study because the number of women was similar in both the groups (frail vs non-frail).
The lack of adherence may negatively affect the course of disease, especially in elderly patients. Many factors can interfere with adherence in this group of patients, eg, cognitive impairment, lack of knowledge about illness and medication, and coexistence of frailty.
Talegawkar et al assessed the association between frailty and adherence to Mediterranean diet and concluded that subjects without FS had higher level of adherence to diet recommendations than frailty patients. 40 On the other hand, Chao et al demonstrated that, contrary to our research results, in a group of chronically dialyzed patients, the absence of frailty/pre-frailty was significantly associated with poorer medication adherence. 13 Results obtained by Chao et al are surprising as they defy the assumption that frailty negatively affects the level of adherence. 13 However, the authors explain this fact with the old age of patients, which also in other studies appears as a well-established factor contributing to better adherence. Additionally, elderly patients might be more concerned about their health and complexity of comorbidities, which make them more focused on adhering to complex therapy regimens. 13 Wu et al, in turn, believe that elderly patients with FS and cognitive disorders may not report the level of adherence as accurately as younger patients, which may be the cause of artificially high results. 41 But the authors rightly stress that the connection between poor adherence to therapy and the level of cognitive function is not well documented in clinical practice, and contradictory results may stem from an insufficient representation of elderly patients with cognitive disorders in the majority of adherence studies 42, 43 and difficulty in differentiating between simple forgetfulness and cognitive disorders. 44 Other studies on patients with AF demonstrated that cognitive disorders were a significant determinant of poorer adherence to pharmacological recommendations, 18 and in the research by Salas et al, cognitive function was an independent predictor of compliance with antihypertensive drugs in elderly patients who are living alone. 45 In the present study, we proved that frailty negatively affects adherence in elderly hypertensive patients but only in the univariate analysis. To our best knowledge, studies on association between FS and adherence in patients with hypertension have not been conducted to date.
Medication adherence is considered essential for management of hypertension as is patient cooperation. In our study, we found that patients' adherence was lower in the frail group. Among factors that negatively affected adherence were loneliness and some frailty determinants according to Tilburg scale such as being alone, death of the beloved one, serious illness, serious illness in a partner, and divorce or ending of a relationship during the past year.
Additionally in the study by Talegawkar et al, the lack of adherence was related to decrease in physical activity and difficulty in walking, which is similar to our findings where impaired mobility and physical component of Tilburg questionnaire negatively affected adherence. 40 In the present study, coexistence of FS as measured by Tilburg scale was the determinant of worse adherence. It is worth noting that in our study, the social, physical, and physical frailty components were also the determinants of lower adherence to antihypertensive treatment. Regression analysis of answers from Tilburg questionnaire showed that knowledge about complications of hypertension and satisfaction with the home environment are predictors of good adherence, while lack of support from others and loneliness are predictors of bad adherence. The role of social support in care of frail patients is therefore a crucial element in health care planning. 46, 47 In the studies from the literature, patients living with families had higher adherence than those living alone. 34 Also, elderly patients using the possibility of transportation as well as care and support from caregivers more often adhered to treatment recommendation than patient with limited support. 48, 49 Other authors have reported that low level of social support is associated with increased risk for FS. 50, 51 Also, low socioeconomic status contributes to development of frailty. 50, 52 Moreira et al reported significant association between marital status and development of frailty; in their research, single men and widowers had increased risk for FS. 53 In the present study, satisfaction with the home environment and living in a relationship stimulated better adherence.
Reports from the literature show outcomes on positive effect of social support on the course of the disease and recovery in cardiac patients. 54 Support experienced by patients accelerates the recovery process and therefore becomes an additional help, increasing natural forces in the fight against diseases and enables them to recover to full health or live with a disease. In the meta-analysis performed by Scheurer et al, similar to our finding, positive role of social support in adherence was documented. 55 In other studies, the level of adherence was considerably higher among patients with social support and living in supportive families, while it was considerably lower in patients from conflicted families. Outcomes of research by DiMatteo et al correspond with our results and reveal that marriage or living in a partnership is a factor improving adherence. 34 One of the components of GS is polypharmacy. In our study, we evaluated the relation between polypharmacy and adherence. Similarly to our previous research, 16 we did not observe any correlation in this respect. However, there are authors who have demonstrated that polypharmacy is an important barrier to adherence. In the present study, an independent predictor of good adherence was knowledge about complications of untreated hypertension.
Systematic identification of adherence determinants, including frailty, is important in terms of risk stratification and necessity of introducing multidisciplinary interventions to prevent symptoms of frailty.
Conclusion
Frailty is highly prevalent among elderly hypertensive patients. 
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Frailty syndrome and medication adherence be considered as a determinant of lower adherence. However, social support and knowledge about complications of untreated hypertension are the most important independent determinants of adherence to pharmacological treatment.
Implications for practice
Potential barriers to adherence should be assessed and addressed, with a particular reference to engagement of social support systems. Understanding the concept of frailty may help to optimize medication prescribed for older people and target health care resources more effectively and appropriately, improving the care of all older people with hypertension. When frailty can be measured with precision, we can start to explore which interventions are the most beneficial for patients according to their different levels of resilience.
Study limitations
The analysis of treatment of other chronic diseases apart from hypertension as well as possible polypharmacy, drug interactions, and side effects was not included; however, these factors may also contribute to the level of adherence and severity of frailty among elderly patients with hypertension.
